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Single Photon Emission The present study. Maddahi and colleagues (10) from 
Computed Tomography (SPECT): 
Cedars-Sinai Medical Center provide a useful benchmark in 
the accompanying report in this issue of the Journal using 
1989 and Beyond* exercise thallium-201 SPECT. This group has extensive 
experience with SPECT but emphasizes the need for vali- 
dating the various steps in processing, analysis and interpre- 
tation of the results. In a pilot population, Maddahi et al. (10) 
systematically determined the optimal combination of filters 
for their specific acquisition parameters and equipment, 
evaluated and selected the best method for comparison with 
a normal data base, assigned defect regions to individual 
coronary arteries, and finally determined the minimal perfu- 
sion defect size in a given region for assignment to a 
particular coronary artery. For quantitative analysis, a polar 
or bull’s-eye format was employed to display the three- 
dimensional data as a single, two-dimensional image. This 
approach, as originally described by our laboratory (II), 
preserves the left anterior oblique perspective of the coro- 
nary arteriogram, allowing easy differentiation of the major 
coronary beds while compacting the multiple short-axis 
slices into a single display. 
After the initial report by Zaret et al. (1) of radionuclide 
myocardial perfusion imaging using potassium-43, exercise 
perfusion imaging has assumed a major role in the evaluation 
of patients with coronary artery disease. Although potas- 
sium itself is no longer used, its replacement, thallium-201, 
has gained such wide acceptance over the last 12 years that 
an estimated 1 million studies were performed in the United 
States in 1988 (2,3). 
Planar thallium imaging, employing multiple discrete 
views, much like the anterior and lateral views of the chest 
radiograph, was generally used until only a few years ago. 
Single photon emission computed tomography (SPECT) 
imaging was introduced with one of a kind systems by 
several investigators (4,5) in the mid and late 1970s. This 
approach, in which multiple view images are acquired cir- 
cumferentially and then reconstructed by computer to a 
single three-dimensional image, is identical in principle to 
X-ray computed tomography. For SPECT imaging of the 
heart, the images are realigned along the long and short axes 
of the heart (6). These realigned images give a more familiar 
view of the left ventricle along the long and short axes and 
facilitate assignment of perfusion defects to a specific coro- 
nary artery. The final images are displayed in a slice by slice 
format for visual analysis. It has taken nearly a decade for 
the SPECT technology to develop and mature, in part 
because of the more complex technical demands of perform- 
ing SPECT imaging. However, most agree that the benefits 
of SPECT-i.e., the elimination of overlapping structures, 
improved contrast resolution and quantitative methods of 
analysis-outweigh the disadvantages, and most laborato- 
ries now perform SPECT imaging (7-9). 
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Overall, 95% of patients with coronary artery disease 
were correctly identified and 80% of all individual vessels 
were identified. These authors (10) looked at only the 
exercise images and thus identified both reversible disease 
and prior infarction. When patients with prior myocardial 
infarction (all of whom had perfusion defects) were ex- 
cluded, the overall sensitivity decreased to 73%. Specificity 
was 71% for the entire cohort and 81% for the patients 
without prior myocardial infarction. The lower specificity for 
SPECT thallium-201 imaging is attributed, in part, to the 
referral bias occurring when patients with normal thallium- 
201 studies are not sent for cardiac catheterization. Because 
Maddahi et al. (10) studied consecutive patients who had 
both coronary arteriography and exercise thallium-201 scin- 
tigraphy, such patients were not entered. The normalcy rate, 
this group’s attempt to deal with the problems of referral 
bias, was 86%. This normalcy or alternative “specificity” is 
that derived from a series of patients not having catheteriza- 
tion but with a low likelihood of coronary artery disease. As 
the authors suggest, it is probably a more realistic figure, 
given the design of their study. Additionally, low specificity 
for identifying disease in individual vessels was due, in part, 
to the arbitrary definition of statistically defined vascular 
territories. For example, their Figure 3 displays vascular 
territories in a left anterior oblique-like format. Angiogra- 
phers will appreciate that, although most right coronary 
arteries do supply the inferior zone as shown, some obvi- 
ously supply portions of the apex and basal septum as well. 
Refinement of the algorithms used will likely improve indi- 
vidual vessel specificity. Other limitations of the study 
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include the fact that coronary arteriograms were interpreted 
qualitatively and that the magnitude of perfusion defects was 
not assessed-that is, defects were classed as either present 
or absent. Quantitation should help define the extent of the 
ischemic zone as well as its anatomic location and presence. 
In our preliminary report (12) using quantitative coronary 
arteriography and SPECT thallium-201 scintigraphy, there 
was a good correlation between the extent of the perfusion 
defect and the extent of coronary narrowing for the right 
coronary and left anterior descending artery beds, but not 
for the circumflex artery bed. Further study is clearly needed 
in larger numbers of patients using state of the art SPECT 
imaging and quantitative coronary angiography. 
Overall, these results of Maddahi et al. (IO) are probably 
representative of what can be achieved in 1989, and are 
similar to findings from the other large published series from 
Emory University (13). The slightly more favorable results 
from the Emory group may reflect their use of quantitative 
coronary arteriography, as well as a more flexible algorithm 
for addressing overlying vascular beds. Importantly, these 
results are not 100% sensitive or specific; in particular, 
among patients without prior myocardial infarction, sensi- 
tivities were as low as 68% and 78% for the left anterior 
descending coronary artery in the Cedars-Sinai and Emory 
studies, respectively. 
Conclusions. SPECT has become a clinical reality over 
the past decade for cardiovascular perfusion imaging. Most, 
but not all coronary stenoses are detected and some patients 
without disease arc misclassified, leaving room for improve- 
ment. The introduction of new imaging agents offers the 
possibility of improved imaging characteristics with techne- 
tium-99m labeling. Lack of redistribution by one class of 
these agents may also capture perfusion better at a given 
point in time; thallium-201 images are degraded by the 
redistribution that occurs during imaging. Preliminary re- 
ports (14) suggest that both sensitivity and specificity with a 
technetium-99m labeled isonitrile may be improved over 
those for thallium-201. Also, commercial systems with mul- 
tiple gamma camera heads are becoming available with the 
promise of improved resolution. However, several compet- 
ing approaches, including exercise echocardiography, pos- 
itron emission tomography (PET) and exercise computed 
tine X-ray tomography exist for the noninvasive detection of 
latent coronary disease. As SPECT imaging evolves, direct 
comparisons with these technologies are clearly needed. 
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